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produces a cyclic change of the same period in the length, temperature and contrast of the seasons, and also in the contrast between the climates of the two hemispheres, northern and southern. Thus, when aphelion is attained near midsummer of either hemisphere as it now is for the northern, that part of the earth enjoys comparatively long, temperate summers, and short, mild winters; while the opposite hemisphere, the southern at present, is exposed to short hot summers, and long, cold winters. Hence, on such occasions, the climatic contrast between the two hemispheres is at a maximum, provided, of course, that their ratios ' of land to water areas and other factors are the same. After about 10,500 years, another maximum contrast occurs, but with the climates of the two hemispheres interchanged, and so on indefinitely. (2) That the eccentricity of the earth's orbit, never greater than 0.07, and at rare intervals dropping to nearly, or even quite, zero, undergoes irregular but always slow and long cyclic changes. In addition to a change usually, though not always, relatively small, whose average period is roughly 100,000 years (now' about 80,000), the eccentricity has, also, a far more irregular, and generally much larger, change whose average period, if a thing so irregular may be said to have a period, is three or four times as great. That is, as a rule, the eccentricity of th
orbit is continuously large, within the limit 0.07, or continuously «*___,
for a period of 200,000 years, more or less; but in each case unequally so, because of the shorter period and more regular changes.
The first of these phenomena, the continuous change of the perihelion phase, varies, as explained, the relative lengths and intensities of the summers and winters of the northern and southern hemispheres; while the second, or the change of eccentricity of the earth's orbit, varies the magnitudes of these contrasts.
Now, Croll's theory of the ice ages assumes that when the earth's orbit is very eccentric, or when the earth's maximum solar distance differs largely from its minimum solar distance, ice will accumulate to a great extent over that half of the globe which has its winter during aphelion.
For some time this theory was very generally accepted, and it seems still to have many adherents, despite the destructive criticisms of Newcomb1 and Culverwell.2
The chief objections to Croll's theory are:
1.  That the assumption that midwinter and midsummer temperatures are directly proportional to the sun's heat at these times is not at all in accord with observed facts.
2.  That each ice age (within a glacial epoch, when eccentricity is large) would be limited to a fraction of the secular perihelion period, 21,000 years, which, according to most geologists, is too short a time.
1 Am. J. Sci., 2; 263, 1876; Phil Mag., 17; 142, 1884. *Phil. Mag., 38; 541, 1894.

